


IN T RODU C TION 

Ear ly  in the ground-rang planning for Pro jec t  Mercury,  t he re  
existed a requirement for the transmission of te lemetered data in r e a l  t ime 
f rom cer ta in  of the s i tes  to  the Control Center a t  Cape Canaveral via leased 
telephone facil i t ies.  
communications facil i t ies to-the Control Center.  
imposed leasing additional voice frequency facil i t ies,  it was la te r  deleted 
a s  an  economy measure .  However, the Laboratory had been requested to  
evaluate a method of t ransmission for this data and since a considerable 
sum of money had been invested in test equipment plus the in te res t  the resu!ts 
might have for  future projects ,  it was decided to  conduct the experiment on a 
par t  t ime basis .  The basic requirement was to  provide a central  location wi th  
a substantial sariip?e of data teLemetered froi-11 the c a p ~ u l e  
deviations of cr i t ical  quantities could be detected ear l ie r  by the establishment 
of data t rends covering a number of s i tes .  This information, t ransmit ted in 
r e a l  t ime ,  would enable the central  location to exer t  the maximum degree of 
mission control in t e r m s  of ear ly  detection of abnormali t ies ,  and the issuance 
of proper  correct ive procedures to the remote  s i te  in question, 
advantage of this system other than centralized control,  was the opportunity 
of placing a few highly trained and competent personnel (e .  g. , Flight Surgeon, 
Capsule Environment Observer ,  etc ) in one location for data interpretation. 
The requirement  is  st i l l  existent and is satisfied by teletype o r  voice com- 
munication of te lemetry summar ies  in non-real t ime.  
that ensue a r e  delay and loss  of control. 

Sites were included in the plan which had land line 
Since this requirement  

"Dy this iiieaiis, 

Another 

The system degradations 

The experiment description that follows is a specialized one in that 
However, the method is  applicable it applies for a specific Mercury task.  

in general  to  other u s e r s  of Inter-Range Instrumentation Group (IRIG) standards 

I. Data Requirement 

The information to  be transmitted in r e a l  t ime involved three  continuous 
channels of analog data and one channel of selected sampled analog and event 
data.  
6,  7 and 12 .  
i l lust ra ted in Figure 1. 
th ree  continuous analog quantities. 
sampled data 

These data a r e  transmitted from the capsule via IRIG channels Nos. 5 ,  
The description of the data and their  frequency responses  a r e  

The EKG No. 1; No. 2 ,  and Respiration a r e  the 
The remainder  of the quantities a r e  

Since land line t ransmission of the above data would involve a t  l eas t  
the voice frequency bandwidth, it was decided to  appropriately frequency 
multiplex, in one voice frequency circui t ,  in the following manner .  (Ref. 1) 

IRIG Fr equ enc y Center 
C hann e 1 Response ::: (CPS) Frequency (CPS) 

Re s pir a ti on 3 11 760 

Sampled Events 4 14 9 60 

EKGNo.  1 5 20 1300 

::: Based on a modulation index = 5 
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EKG N o . 2  6 25 1700 

Sampled Analog 7 35 2300 

The frequency division was made in this manner because of equipment 
availability for the standard IRIG channels. In order  to  lower the sampling 
r a t e  for  channel No .  7, the sixteen "event" quantities were separated from 
the "analog'1 quantities and transmitted over channel No.  4. This resul ted 
in better bandwidth utilization and since no pulse height measurements  of the 
"events" data is necessary ,  the rest r ic ted bandwidth offers no difficulty. 
The respirat ion channel frequency response of 11 cps is adequate since 
r a t e  and depth of the transmitted waveform a r e  the pa rame te r s  of in te res t ,  

waveform so  that an experiment was performed transmitt ing EKG over nar -  
row bandwidth channels. (Ref. 2) Results of this test indicated a 20 cps  r e -  
sponse a s  adequate for  medical interpretation for this mission.  

TL,.-- l l i ~ ~ t :  was aeiiie qiiestioii a s  t o  the frequency response needed for the EKG 

I1 Test  De sc  r iption 

l. Sources of Data 

a Respiration 

This input was simulated with a IO cps sine wave. 

b o  EKG N o s .  1 and 2 

An electrocardiograph was used to make a magnetic tape recording 
and a n  electrocardiogram simultaneously. 
a s  an  input for EKG N o s .  1 and 2 .  

The magnetic tape was then used 

c .  Sampled Data 

Since it was required to  t ransmit  15 analog quantities plus 16 event 
quantit ies,  a two-pole 20 x 1 commutator was wired a s  follows: 

Pole No.  1 15 analog positions 

2 reference (0 and 100) positions 

2 mas te r  pulse positions 

Pole N o .  2 16 event quantities positions 

2 mas te r  pulse positions 

A s  a 20 x 1 commutator was not available commercial ly ,  a 30 x 1 commutator 
was modified to  operate a t  a 30 x 2/3 r a t e  which resulted in an equivalent 
pulse r a t e  of 20 cps .  
quantities input and an alternating 0-5 volt pattern was used for the events ~ 

A s ta i rcase  pattern was generated a s  the analog 
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2 .  Test  Arrangement 

Figure 2 i l lustrates  in block diagram form the experimental setup. 
Channels 3,  4 ,  5 ,  and 6 operated at 7 .  5per cent deviation, mod_ulation index .  = 5 .  
Channel 7 operated a t  7. 5 per cent deviation, modulation index = 1. 5.  
phase band pass  and low pass  fi l ters were used on Channel 7.  

Linear 

A commercially available decommutator , modified to  operate a t  20 cps ,  
was used on Channel 7.  
t r iggered a laboratory-built device for decommutating and displaying the 
16 events. 

The sync and timing pulses f rom this decommutator 

Four different ieased teiephone facii i t ies were employed in a ioop 
arrangement  a s  follows : 

(a) H-44 cable 337 mi les  

(b) TD-2 (L-car r ie r )  697 mi les  

(c) L-carr ier  1344 mi les  

(d) K-carrier 824  miles  

These circuits were ordered a s  "voice" circuits with no special 
engineering or monitoring other than standard company pract ice .  
i s  no "standard" voice facility, these resu l t s  should be considered sampling 
of behaviour on this type of facility. 

I11 Test Re sults 

Since there  

1. EKG No. 1 andNo .  2 

Figure 3 i l lustrates an  electrocardiogram recorded of a patient resting 
in a supine position. This is a technically w e l l  recorded electrocardiogram 
a s  defined by a steady base line and absence of AC interference and t r e m o r .  
The leads a r e  identified a s  I ,  I1 and 111. I (the potential difference measured  
between the left  and right a r m s )  was transmitted over both Channels 5 and 6 .  
The frequency response of the recorder is 100 cps .  Figure 4 shows EKG No. 1 
and No.  2 a s  recorded after transversing 1344 miles  of L -ca r r i e r  over IRIG 
channels 5 and 6. The P,  QRS and T s t ructure  of the waveforqn(Ref. 3) is 
reproduced accurately although EKG 1 and 2 shown a r e  res t r ic ted to bandwidths 
of 20 and 25 cps respectively. 

Figure 5 shows another electrocardiogram before and af ter  t r ans -  
mission over the same loop. 
conditions on a different patient with a diagnosed hear t  abnormality. 

This recording was made under identical 

The top recording i s  the original and one can note the t r emor  along 
the base line which i s  subsequently filtered out during t h e  t ransmission.  
process .  
tense patient and has no diagnostic significance. One a l so  notes that the 
QRS complex i s  biphasic and may be associated with right ventricular enlarge- 
ment. 

This is actually no disadvantage a s  t remor  i s  usually caused by a 

There i s  a l so  a very evident a t r ia l  premature beat which has  l i t t le 
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I 

5 

clinical significance but i l lustrates the case  of recognition; of this rhythmical 
disorder  a f te r  t ransmission.  
complex waveform can be transmitted over long distances without appreciable 
di s tor t ion. 

It appears that evident abnormalit ies in the 

The conclusion here  i s  that both respirat ion and EKG waveforms may 
be t ransmit ted quite successfully by this method. Impulsive noise and c r o s s -  
talk a s  commonly encountered on telephone circui ts  a r e  not ser ious problems 
a s  regards  t ransmission of the above types since the waveforms a r e  repeti t ive 
a-n,d shor t  duration distortions a r e  quite easily recognized a s  being due to the 
communications facility. 
l as t  on the o rde r  of a few minutes to a few hours and could not be mistaken 
for  t r a n s i e n t  n=ise.  
which closely resembles  a noise burst. 
a pistol  shot near  a patient. 

The general paroxysmal conditions of the hear t  

The ~ n c  exceptim t= t h e  above is a "stzrtle pstternl '  (Ref. 4) 
This pattern was obtained by firing 

An attempt was made to  duplicate this experiment but the result ing 
pat tern was impossible to interpret  a s  due to hear t  action or  patient movement. 

2.  Events 

Figure 6(a) shows the commutator output represent ing a sequence of 
event quantities ( i . e . ,  ei ther on o r  off). 
Channel 4. The received waveform before decommutation is  shown in 
Figure 6(b) ~ 

since one is interested only in a n  adequate level change for sl icing, the 
waveform is satisfactory.  
which was engineered for  this experiment by R. Greim of Group 2 5 .  
unit u ses  the synch and timing pulses f rom the commerc ia l  decommutator.  
A s implepari ty  check e r r o r  counter was added in order  to measu re  the number 
of b i t s  in e r r o r .  
f r a m e  or e r r o r  distributions a s  the data for events a r e  repeated every  second 
r e s u l t p g  in self-correction. 
1 in 10 bits over the four facilities used for  a cumulative period of 100 hours .  

These data were sent over IRIG 

The distortion due to narrow band t ransmission is evident but 

Figure 10 is a block diagram of decommutator No. 2 
The 

No attempt was made to measu re  transposit ions ofcbits in a 

The resul ts  indicated an  e r r o r  count averaging 

This method of transmitt ing event data is satisfactory whenever there  
is sufficient bandwidth for  adjacent pulse resolution (see Appendix). 

3. Sampled Analog Data 

The s ta i rcase  pattern shown in Figure 6(c) was used a s  the sampled 

The pulse r a t e  of 20 cps Was 
analog input. A s  the analog quantities a r e  slowly varying ( f < 0 .  5 c p s ) ,  
a sampling frequency of F =:l cps is adequate. 
used with a l inear phase low pass  output fi l ter  with a response to 110 cps 
(see Figure 6(d)).  
cps  in order  to obtain a balance between signal-to-noise ra t io  and adjacent 
channel c ross - ta lk .  The situation i s  different f .rom that of the events data 
in that the height 
accuracy  of 2 per  cent for  overal l  t ransmission f rom the capsule to the remote 
control  cen ter .  - 

Various response low pass  f i l ters  were t r ied f r o m  35 to  300 

of each pulse i s  measured .  The objective was to  attain an 

. .  " 
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Since various factors  operated to reduce the t ransmission accuracy ,  the tes t  
was conducted in severa l  phases a s  follows: 

(a) Calibration 

(b) Back-to-back, Channel 7 only 

(c) Back- to- back, A l l  channels 

(4 Via telephone line loop, Channel 7 only 

(e) Via telephone line loop, A l l  c hannels 

(a) Calibration 

This tes t  was performed in order to insure that the decommutator 
gates were operating properly.  
range of 75-900 pps and had to be modified to operate a t  the lower ra te  of 
20 pps.  
i s  operating on internally generated calibration pulses.  The height of the 
pulses was 2 7  volts and the oscilloscope sensitivity was 1 volt per c m .  

The decommutator used has  a normal  operating 

Figure 7(a) shows the output of one gate when the decommutator 

(b) Back-to-Back, Channel 7 only (F igure  7b) 

This te s t used the commutator - multiplexer -discr iminator  dec om- 

Most of this e r r o r  was due t o  the decommutator attempting to handle 
mutator combination. 
cent, 
the low pulse ra te  input for which it was not designed. 
pulses fed to the output gates were not flat topped but ra ther  sloped off some 
10 per  cent. 
peak detector for the information pulses.  
the ent i re  pulse length but would leak. 
output gate timing t r igger  would result  in a pulse height measurement  a t  a 
different point on the sloped top. 
since decommutators a r e  available which wi l l  operate down to 10 pps .  

The measured accuracy was approximately 0 .  4 per  

The information 

This was due mainly to the f i r s t  re -cyc le  detector which is  a 
The circui t  would not hold for 

This meant that any j i i ter’ inthe 

This 0 . 4  per  cent e r r o r  i s  discounted 

(c) Back-to-Back, A l l  Channels 

Figures  (7c) and (7d) show the gate output and the information pulse 

The slight decrease  in accuracy is due to c ross - ta lk  f rom the other 
t ra in  detail.  
volts.  
subca r r i e r  frequencies (see Appendix). 
the multiplexer amplifier or the discriminator input c i rcui t  or both. 

The maximum pulse amplitude of the pulse t ra in  shown is 5 

It a r i s e s  f rom non-linearity in either 

( d) Via Telephone Line Loop 

This tes t  was run over four different facilities whose charac te r i s t ics  
a r e  shown in the Appendix. 
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(i) H-44 cable,  Channel 7 only 

Figures 7(e) and 7(f) show the response for  this facil i ty.  
that the accuracy is still well under 1 per  cent for the transmission of 
Chaqnel 7 data only. 

It i s  seen 

(ii) H-44 cable,  A l l  Channels 

Figures 8(a) and 8(b) show the resu l t s  for five-channel tTansmission 
over E-44 cable. 
by non-linearities along the circuit .  Since these circuits received no special  
attention, it is probable that one or more  repeater amplifiers a r e  providing a 
n o n - ? f n e ~ r  i e s "yon~e ,  
1 . 2  per  cent.  

It is evident that cross- ta lk  frequencies a r e  being generated 

The t r a i i~ imi~a ion  accuracy has decreased  to approximateiy 

(iii) K-ca r r i e r ,  Channel 7 only 

Figure 8(c) shows the gate output for t ransmission over the K-ca r r i e r  
facil i ty.  
is c ross - ta lk  being generated on the facility. 
on a l l  the c a r r i e r  system facil i t ies but is absent on the H-44 cable for  one 
channel t ransmission,  
these channels 

Despite the absence of the other subcarr ier  frequencies, there  
A s  this occurs to  some degree 

it indicates the presence of interfering frequencies on 

(iv) K-car r ie r ,  A l l  Channels 

Figures 8(d) and @(e)  illustrate typical resul ts  for K-car r ie r  t rans-  

The 
mission of all channels. 
t ransmission of one or  five channels a s  regards the cross- ta lk  level. 
accuracy- of the gate output is 1.5 per cent.  

It i s  noted that there  i s  l i t t le difference between the 

(4 TD-2 (L-car r ie r )  

Figures 9 (a )p  9(b) and 9(c) show the resu l t s  for  TD-2 t ransmission of 
The resul ts  a r e  exactly the same a s  for K-ca r r i e r  one and five channels. 

above 

(vi) L J c a r r i e r ,  Channel 7 only 

This circuit  loop of 1340 miles is mos t  typical with regard  to distance 
of t ransmissionJ a s  most  of the Mercury circuits required would average 
1000 mi les  or  more .  
level output resulting in an accuracy of about 7. 3 per cent. 
varied considerably depending upon the period measured.  
c i rcui t  showed varying levels of interference which appeared t o  be c r o s s -  
talking voice conversations (see Figures 6(e) and 6(f)) ,  

Figure 9(d) shows a ra ther  violent dispersion of gate 
This resu l t  

A monitor of the 

(vii) L -ca r r i e r ,  A l l  Channels 

This mode of transmission was uniformly inaccurate due to  the level 
Figures  9(e) and of c ross - ta lk  f rom the other four sub-carr ier  frequencies. 

9(f)  i l lustrate the resul ts  
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(viii) Evaluation 

T h e  t ransmission of sampled analog data via "voice" ci rcui t  facilities 
with the des i red  degree of accuracy ("1 per  cent) does not appear feasible 
by the method he re  described. The accuracy could be improved to  approach 
1 per  cent by using a separate  facility for  the sampled data in order  t o  avoid 
the other frequencies and by a constant monitoring and adjustment of the used 
facility. Unfortunately, one has also to  cortrol the other c i rcui ts  sharing a 
common c a r r i e r  in the same manner which makes a very difficult a r r ange -  
ment. 
r ega rds  delay and overall  amplitude a s  neither of these is a factor .  It is a 
combination of interfering voice band frequencies which may a r i s e  f rom a 
number of sources  pius a degree on non-iinearity in the faciiity. There is 
a continuing task of c ross - ta lk  suppression and circuit  gain adjustment in 
p rogres s  a t  a l l  t imes  by the telephone company. Such adjustment i s  usually 
l imited to occasions of customer complaint since it is impossible to monitor 
a l l  c i rcui ts  a t  a l l  t imes .  

It is not a qiiestion of engineering the circui t  to  specified tolerances a s  

These tes t s  suggest that a more  pract ical  and profitable means of 
transmitt ing sampled data should be by digital methods where a degree of 
accuracy consistent with the vehicle to ground path is attainable. 



Appendix I 

Cross-Talk 

Interference of this type is  here defined by the input-optput relation. 

2 3 
e = a e  t a e  t a 3 e i  t o . .  (1) o 1 i  2 i .  

where e 

of a number of subcar r ie rs  of frequencies w 

s ion be c om e s : 

is the output corresponding to an  input of e 
0 i '  

1 '  * n' 

If the input consis ts  

. w then the input expres-  

e l = c o s ~ t t c o s w t t  . . .  c o s w  t 1 2 n (2) 

If one now substitutes (2) in (I) and employs suitable ar i thmetic ,  a number 

of c r o s s  modulation frequencies appear,  

experiment,  the following c r o s s  modulation frequencies were found t o  be with- 

in the pass band of the input f i l ter  of Channel 7 a t  2300 cps center frequency. 

Fo r  the five channels used in this 

f t f j  = 2260 cps 2 

f l  t f 4  = 2430 

= 2190 3fl 

2fl t f 2  = 2420 

where : 

f = 730 cps 1 

f 3  t f . -  f l  = 2270 4 

f 2  = 960 

f 3  = 1300 
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f 4  = 1700 

f = 2300 5 

* 

Appendix I1 

6 
Pul se  Resolution 

The standard response of a low passl filter w i t h  constant atten-uation k 
and linear phase A@=- gw; i . e . ,  

k 
G(t)  = (Si[ ws(t-g-T1) ] -Si[ws$-g-TZ) 3 } 

0 = cutoff frequency 
S 

T1 = Leading edge 

T2 = Trailing edge 

g = Constant 

Using superposition one can apply this resu l t  t o  two adjacent pulses 

and add the responses ;  i .  e . ,  

G( t )  =: {Si [ ws(t-g-T 1 )] - Si [ ws(t-g-T2)] 

t Si ws(t-g-T3)] -Si[ws(t-g-T 4 1 )  ) [ 

A plot of the above shows that sufficient resolution for pulse identification 

occurs  for 
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Appendix I11 

Equipment and Facil i t ies 

a 

1 

4 

4 

5 

1 
4 

1 

I 

1 
1 

1 

1 

1 

l 

Sanborn Model 154-100B 4-channel recorder  

Sanborn Model 150-1600 ECG pre-amplifiers 

Sanborn Model 150-200 B/400 dr iver  amplifiers 

Geotech Model 450 voltage controlled oscil lators 

Geobech Model 3515 multiplexer 

Geotech Model 4610A Subcarrier Discriminators 

Data- Control Model GFD-2 Subcarrier Discriminator 

Ampex Model FR-POOA Recorder 

K-carr ier  loop circuit  number FDl324 

L-ca r r i e r  loop circuit  number FD2423A 

TD-2 loop circuit  number FDll976 

H-44 cable circuit  number FD1538 

General Devices 2 pole 30 x 1 commutator 

Arnoux Model TD5 Decommutator 

Figures  If through 18 show the line characterist ics of the facilities used. 
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Quantity 

EKG # 1 
EKG # 2 
Respiration R and D 
Body Temperature  
Suit Inlet Air Temperature  
02 Partial  P r e s s u r e  
02 Supply P r e s s u r e  
02 Emergency Supply P r e s s u r e  
Suit P r e s  sur  e 
C 0 2  Par t i a l  P r e s s u r e  
Cabin P r e s s u r e  
Cabin A i r  Temperature  
Acceleration Nz 
Attitude Pi tch 
At t i t ude  Roll 
Attitude Y A W  
DC Supply Voltage 
AC Supply Voltage 
Abort .  Initiate 
AC Power Fai lure  
DC Power Fa i lure  
Alarm 
Re t ro  Angle Command 
Ret ro  Rocket # 1 Fire 
Ret ro  Rocket # 2 F i r e  
Ret ro  Rocket # 3 F i r e  
Ret ro  Rocket Jett 
Ant. F i r ing  Release 
Pi lot  Chute Deploy 
Drough Chute Deploy 
Main Chute Deploy 
Capsule Ring Separate 
Rescue Aids 
Main Chute Je t t  

Frequency Range of Manner of 
Response Measurement Display 

20 cps 
20 cps 
10 cps 
. 5  cps 90' to 105O F Meter 
I 5  cps 40° to  looo  F Meter 
. 5  cps 0-253 mm Hg Meter 

. 5  cps 0-7500 PSIA Meter 
* 5 cps 0-25 PSIA Meter 
. 5  cps 0.1 - 51. 7 mmHgMeter 
. 5  cps 0-25 PSIA Meter 

5 cps 0 t o  200° F Meter 
. 5  cps + 30 G Meter Str ip  Chart  
* 5 cps U - 320° Meter S t r ip  Chart  
. 5  cps 0-320° Meter Str ip  Chart  
. 5  cps 0-320° Meter Str ip  Chart  
. 5  cps 0 to 30 VDC Meter 
$ 5  cps 0 t o  120 VAG Meter 
On- Off Event Lamps 
On- Off Event Lamps 
On- Off E vent Lamps 
On - Off E vent Lamps 
On - Off Event Lamps 
On-Off Event Lamps 
On- Off Event Lamps 
On- Off Event Lamps 
On- Off Event Lamps 
On- Off Event Lamps 
On-Off Event Lamps 
On-Off Event Lamps 
On- Off Event Lamps 
On - Off E vent Lamps 
On-Off Event Lamps 
On- Off Event Lamps 

~ 5 cps 0-7500 PSIA -Meter 

Table of Telemetered Qua&ities 

Figure 1 

JCH:b 
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